The paper presents an analytical-diffraction propagation model for the needs of the Radiocommunication Events Management System, for coast and ship radio stations in sea area A1. The V-wave propagation in sea area 1 has been analyzed as part of an analysis of ranges of particular radio stations and their ability to establish radio contact. The theoretical basis and assumptions on which the model structure design process is based have been presented. Methods of modelling and presentation of dislocation of particular radio stations and their ranges have been discussed.
INTRODUCTION
The waves in the V band propagate straight as a spatial wave. They are reflected from the objects with a high density, dispersed and attenuated in the atmosphere and other centers. It is caused mainly by the presence of water in its various forms (rainfall, fog, etc.). The theoretical range of ultrashort waves is limited to the optical horizon. In practice, it is greater due to tropospheric refraction phenomena and diffraction.
The previous analytical methods developed in the second half of the last century, reflected in the ITU resolutions and publications, focused on determining the value of the electromagnetic field intensity as a function of the distance between the transmitting and receiving antennas. The necessity of using complex formulas and interpolation of the characteristics of many parameters caused difficulties in the quick and practical application of these methods by users of radiocommunication devices. Radio operators, who have to decide how to use the means of communication, are interested not in the field strength, but in the possibility of carrying out correspondence over a certain distance. For this reason, in the literature and textbooks of radio operators, the developed empirical relationships determining the range of communication are widely used D [Czajkowski, 2002] (2) where:
 h1 -height of the transmitting antenna,  h2 -height of the receiving antenna. However, the above formulae do not take into account the type of modulation and the type of signal (radiotelephony or digital transmission -DSC).
In the case of communication with the shore station, whose antennas are even several tens of meters above the surface, there may be a situation where only one way communication is possible. The radio station on the ship receives the signal from the shore station, while the signal transmitted from the ship is not picked up. In addition, this method does not take into account many factors affecting the range of communication among others changes in the conductivity of the ground along the path of the electromagnetic wave or the difference in the transmitters output power, which occurs in the case of communication between the ship and the shore station.
In addition, the lack of possibility to indicate differences in radiotelephony and DSC ranges using formulas 1 causes problems in modeling decision-making processes in the developed Radiocommunication Events Management System (REMS). Therefore, according to the authors, it was necessary to analyze and adapt the methods used so far to the requirements of the REMS system being developed, especially in the situation of changes in the provisions of the Radio Regulations and the introduction of new elements in the GMDSS.
FIELD STRENGTH AND RANGE CALCULATIONS.
The basis for the analysis is to determine the electric field strength in the free space e0 according to the equation ( The transmission loss of the free space in relation to the isotropic antenna is determined from the formula [ITU-R P.341-6, 2016]:
where:
Based on the energy balance equation for the radio link [Instytut Łączności, 2005] , [Katulski, 2002] , [Saunders et al., 1999] :
 Pt -transmitter output power,  Pr -the power of the received signal,  Lt and Lr -losses in circuits of transmitting and receiving antennas, respectively [dB],  Gt and Gr -directivity gains of the transmitting and receiving antennas.
In sea conditions, in ship-to-ship communication, it is not necessary to take into account in the modeling process the impact of terrain and buildings. However, the effect of radio wave reflection on the sea surface (multi-directional propagation) is taken into account. The result of multi-directional propagation are signal losses resulting from direct wave interference and reflection from the surface of the sea. The least favorable situation occurs when there is no wave, when a small number of reflected waves causes a high probability of significant signal losses. On the other hand, in the case of a disturbed sea, when the number of reflections is high, and the phases of individual components are accidental in connectivity, the direct wave dominates. The likelihood of large signal losses is low. [Pawłowski, 2001] The measure of field intensity losses due to diffraction is the ratio:
 e -loss of field strength due to diffraction,  F(X) and G(Y) are respectively functions depending on the distance between the antennas and the heights h1 and h2 on which the transmit and receiving antennas are mounted towards the sea surface:
( ) = 11 + 10 log( ) − 17.6 for ≥ 1.6 ( ) = −20 log( ) − 5.6488 1.425 for < 1.6 (8)
 X -the normalized length of the path between the antennas at normalized heights Y1 and Y2:
 α -wavelength,  hi -the heights at which the transmitting and receiving antennas are mounted respectively,  β -parameter which is a function of ground conductivity in the propagation path and antenna polarization (table 1) , The parameter B from equation 9 is determined from the formula:
where  is determined according to the 
 K -is a parameter dependent on the effective earth radius factor, frequency and the conductivity of sea (equation 14). 
where: Conductivity is a parameter depending on the type and humidity of the ground on the propagation path and indirectly on the ambient temperature. With communication in the VHF band occurring through the surface wave over the inhomogeneous terrain, there are rapid changes in the intensity of the field near the interface of areas of different conductivity.
The receiving antenna, located in an area with higher conductivity than the conductivity of the transmitting antenna area, obtains a higher intensity of the field, which would occur if the area along the whole route had the same conductivity. In the opposite case, in the area of lower conductivity, the field intensity decreases. This phenomenon occurs particularly strongly at the transition from land to sea.
To calculate the field strength for propagation path through land and sea uses a formula [ITU-R P.1546-5, 2013]:
 Eland -field strength value assuming that the whole propagation path length dtotal extends over land,  Esea -field strength value assuming that the whole propagation path length dtotal extends over sea,  A -interpolation factor.
MODELING -CALCULATING THE RANGE OF RADIO STATIONS.
According to resolution ITU A.609 (15) [ITU-A.609, 2015], assumptions were made for calculations that for audio communication the sensitivity of the receiver should be equal to or better than 2 V e.m.f. for a signal-to-noise ratio of 20 dB. For digital selective calling, with a modulated DSC input signal of 1 V e.m.f. the receiver should be able to decode the received message with a maximum permissible error rate of 10 -2
The radiotelephone coverage ranges determined on the basis of the developed model, when the antennas are mounted at a height above twenty meters, are very close to the ranges determined from the empirical formula (2) (table 1 and table 2 ). The ranges assigned for DSC are from 9 to 30 percent greater than the radiotelephone (table 3) . On figure 1 are diagrams of radiophonic and DSC radio coverage ranges for different antenna heights. On figure 2 the graphs of the difference in ranges between the developed model and the empirical model determined from the formula 2 are presented. As can be deduced from the graphs, the biggest difference between the developed model and the empirical model occurs when the differences between the positions of the transmit and receive antennas are large.
EXEMPLIFICATION OF THE DEVELOPED RANGE DETERMINATION METHOD
In order to present the effects of the developed method of determining ranges in the VHF band on figure 3 , an example of a situation in which there is an S0 shore station and 2 ship stations S1 and S2 are presented. The height of the shore station antenna was adopted at the height h = 200 m for ship S1 adopted h = 40 m and ship S2 respectively h = 10 m. The continuous line indicates radiofrequency ranges determined according to the empirical formula (2) and the dotted line according to the model developed in the article. The radii of the circles for the shore stations shall be as follows: 66,5; 72,7; 85,95; 88,9 km and for ships S1 and S2: 35,3 i 39,84 [km]. As we can see in the drawing, the shore station has no coverage with the ship S2 according to the formula (2) developed by the empirical method but has a radio range with the ship S1. However, according to the developed model, it is exactly the opposite -the shore station will have communication with the S2 ship but will not have a range with the S1 ship. For the range between ships S1 and S2, it can be concluded that there will be no radio coverage between them according to the empirical model but it will be according to the developed model.
According to the presented situation, it was developed and described in articles [Majzner et al., 2014] , [Mąka et al., 2017] , the matrix of information reception availability for the empirical model (Table 5 ) and for the model developed in this article (Table 6 ) shall take the following values: Differences between the values of the information availability matrix presented in Tables 5 and 6 , show how differently the decision-making process of the shore and ship station operator may take place depending on the adopted propagation model.
CONCLUSIONS
This article presents an analytical model of propagation in sea area A1, which is one of the components of the Radiocommunication Events Management System. The authors propose a method of calculation the particular ship and coast radio stations ranges in sea area A1. Based on the article, the following conclusions can be made:  The developed model due to the inclusion of many parameters of the transmitted signal is more adequate to the reality than the empirical model.
 Differences between the empirical model and the model developed in the article are more significant in the case of large height differences between the antennas of two stations communicating by VHF band.
 The empirical models developed in the article give similar values of ranges in the case when the heights of transmit and receiving antennas do not differ significantly.
 The developed model allows to determine the range also for DSC, which is not allowed by the empirical model.
 The ranges determined by the developed model allow for a more adequate determination of the value of the information availability matrix and, consequently, a more accurate modelling of communication events at sea.
The advantages of the developed method of determining ranges between two stations operating in the VHF band allow for a more accurate analysis of decision-making processes of radio operators, which in turn may lead to a more accurate development of the decision support system for GMDSS radio operators on ships.
